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NBSTRACT

Because of recent laigh rejection, rates on carbon steel control ables Mn military aircraft,
the Air Force oonduotod breaking strength and epidurance tests on various types of aircraft
oontrol oables. Since approximately 90% of the service life of jet aircraft -is flown at low
temperatures, the primary purpose of the tests wss to obtain information on cable fatigue
life at low temperature. The tests were conducted on 1/8-inch disx eter 7x1,9 galvanized
carbon steel tin-coated c a rbon steel, aid stainless steel cables at both low temper-
ature~ (-Gr*F) and room~ tempers~ure (+70F). The tests were conducted in the Climatic Labo-
ratory at Eglin AFB, Florida, l~ebults indicate thatthe stainless steel cable.s are far' superior
to the galvanized or tin-coated cables kcr low ternperature operation. Therefore, the stainless
bteel cables should be considered for replacement of the carbon r34eel control cables on
mititr aircraft, and the appropriate specifications should be updated accordling7y.

(rhis abstract is subject to special excport controls and each transmittal to foreign governments
or foreign nationals may be made only with prior approval of the Directorate of Airframe
Subsysteras Engineering (SEFL), Systems Engineering Group, Wright-Patterson Air Force
Base, Ohio.)
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SECTION I

INTRODUCTION

The failures of carbon steel control cables on military aircraft are serious problen in the
Air Force. The life of these cables has decreased because of excessive wear in areas of the
cable that contact pulleys and fairleads. Because of the high 1965-196e rejection ata oai
carbon steel cables, the Air Force initiated an investigation of the various types of vontrol
calblms used on Air Force aircraft. The program was to include the testing of stainless steel
cables for possible replacement of carb~on steel cables on these aircraft. A search of kmown
literature indicated that all previous DOD testing of control cables had been performed at
room temperature (approximately +70°F). Since jet aircraft potentially fly 90% of their service
life at high altitwles and at low ambient temperatures, the primary purposc of the present
investigation was to provide Information on cable fatigue life at low temperature.

SECTION H

TESTS

The test program covered the testing of galvanized oarbon steel, tin-coated carbon steel,
and stainless steel cables. The req Ltrements fo the galvanized and tin-coated steel cables are
given in Military Specification AMIL-W-1511A-4, "Wire Rope, Steel (Carbon) Flexible,
Performed." Military Specification MIL-C-5424A-1, "Cable: Steel (Corrosion-Resisting)
Flexible, Performed (for Aeronautical Use)," gives the requirements for the stainless steel
cables. Both of these specifications call for testing at room temperature only. The require-
ments of MIL-W-1511A-4 are more severe than those in MIL-C-5424A-1. The required
breakihg strength after endurance testing as given in the two specifications follows:

Breaking
strength

Cable diameter Tension* Number of minimum
Speoification (inch) (bs) reversals (lbs)

M.IIL-W-1511A-4 1/8 20 70,000 1000
(galvanized and
tin-coated steel)

MIL-C-5424A-1 1/8 20 150,000 950
(stailss steel)

*Tension is equal to one half of weight (W) which includes idler sheave

and han___r,
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Both of these specifications require the cioles to retain 50% of their breaking atrangth after
the enduraace testing.

Samples of 1/8-inch diameter 7x19 stafniesti, gal'niue 1,d, and tin-c-oated steel cables were
used in the test program. Seven different cable aanufacturers L.ubmltted sairaple cables, These
manufacturers are identified as Codes A through G In this report. 'Each manufacturer' a
samples were coded for identification and descr:-Iptlo . The k~a nAi84 and tin-coated steel
cables were tested according to MIL-W-1511A.-A4, and the sta tiless steel cables were tested
according to both MIL-W-1531A-4 and MIL-5424A-1.

The endurance tests were made on two standard Warner en 'duraime achines. See Figures 1
through 3. These machines are described in bo' h specifications.

The endurance tests were conducted at both Io w tainperaturo, (65F) and room temper-
ature (+70°F). Samples numbered I through 4 represent those tested at -65F, and samplas
numbered 5 through 8 represent tbhose tested at +70F.

Sixty-four assemblies (28 stainless steel, 28 galvanized carbm steel, and 8 tin-coated carbon
steel) were tested to ascertain their breaking strengthbefore they were subjected to the endur-
ance testing. Each cable assembly consisted of one 3-foot cable section with one MS 21260-4
terminal swaged on each end. The assemblies were tisted for breaking strength according to
standard laboratory procedures in which a Baldwin tensile test machine was used. The as-
semblies were gripped by the shoulders of the terminal and loaded bi tension until failure
occurred. These tests were conducted at room temperature.

For the endurance tests, an equal number of samples from each manufacturer, in each
type of steel submitted, were tested. Samples from each manufacturer were placed in a -650F
cold chamber for 2 hours before cycling. An equal number of samples were placed in a room
at +70F. Those samples tested according to MIL-W-1511A-4 were subjected to 70,000 re-
versals, and those tested according to MIL-C-5424A-1 were subjected to 150,000 reversals.
The test cables were loaded to 20-pound tensile while cycling at a rate of 120 reversals per
minute. The tests were limited to bending fatigue cycles while under tension. The complete
scope of the cable problems as they exist today was not evaluated.

Each sample was subjected to etidurance over top and bottom pulleys actually giving eight
wear areas for inspection. Each sample was observed every 30 minutes for a period of
24 hours. Each was examined for its condition. The number of broken wires were recorded
as they were notd.

All samples that completed the tests were pulled to destruction to determine the remaining
strength after endurance.

2
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SECTION III

TEST RESULTS

Overall comparative test data obtained from the various samples and under various
conditlons are given in Appendix I (Tables I through IV and Figures 4 through 11). Detailed
test data for each manufacturer (Codes A through G) are given in Appendixes U through VIII,
respectively. The photographs show the damaepd section of each sample which occurred
when it was run over the pulleys. The beginning of wire breakage in the cables is indicated
in Tables I through IV which substantiates the valuer shown In Figures 4 through 11.

TESTS AT -65°F

Of the cable samples which passed the MIL-W-1511A-4 tests, the percentage of breaking
strength remaining for the stainless steel cable was substantially greater than that for the
other two types. Galvanized cable from only two of the seven manufacturers passed the tests.
See Figure 4., The test results an the tin-coated cables, submitted by only twc manufacturers,
showed a low level of performance. The tin-coated samples, however, passed the 50% re-
quirement. See Figure 5. Six of the seven stairless steel samples met the severe endurance
requirements of MIL-W-lelIA-4. See Figure 6. All of the stainless steel cables submitted
passed the MIL-C-5424A-1 et lurance requirements. See Figure 7.

TESTS AT +70'F

The test data on the galvanized cables indicate that six of the seven manufacturers submitted
satisfactory test results. See Figure 8. Both of the tin-ooated control cables submitted for
test are satisfactory for +70*F temperature operation. See Figure 9. Six of the seven manu-
faoturers' stainless steel samples met the severe endurance requtrements of MIL-W-1511A-4.
See Figure 10. All stainless steel samples passed the MIL-C-5424A-1 endurance requirements.
See Figure 11.

SECTION IV

CONCLUSIONS AND RECOMMENDATIONS

Re ats indicate that the life of the stainless a1tel cables is far superior to galvanized or
tin-coated carbon steel cables at low temperatures. Therefore, these cables should be con-
sidered for replacemez-t of the carbon steel cables on military aircraft because of their
superior corrosion resistan; e and longer life at low temperature.

Both Specifications MIL-W-1511A-4 and MIL-C-5424A-1 should be revised to include re-
quirements for low-temperature fatigue testing. Also, the requiremo.nts for the allowable
materials in MIL-W-1511A-4 and MIb-C-5424A-1 tables s ould be lghbtened by specifying
chemical compositions,

6
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APPENDIX I

OVERALL COMPARATIVE TEST DATA
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TABLE I

NUMBER OF REVERSALS CO1PLETED WHEN BROKEN WIRES WERE RECORDED FOR
GALVANIZED CABLES TESTED ACCORDING TO MIL-W-1511A-4

a. -1550 F Tests

Sumpie Manufacturer

No. B C D E F G

T 32,500 19,200 ,20G 21,600 17,800 16,900 25,000

S39,400 22,800 27,900 18,0 00  -4 19 25,000

T 39,400 16,500 21,900 32,000 14,400 16,900 25,000

2
B 35,900 16,500 26,200 10,000 10,900 16,900 25,000

T 35,900 19,200 26,200 38,000 17,80 28,700 25,000
3

B 39,400 16,500 26,200 18,000 10,900 1 550 25,000

T 32,500 22,800 26,200 18,000 14,400 20,700 25,000

B 35,900 16,500 26,200 28,000 17,800 14,550 25,000

Total 290,900 50,000 206,100 183,600 118,400 138,100 200,000

Averoge 36,362.. 18,750 25,762,1 22,950 14,800 17,262.5 25,000

b. + 701F rests

T 43,600 21,300 46,200 36,000 21,500 14,300 14,800
5

B 60,000 18,000 28,900 36,000 21,500 14,300 14,800

T 60,000 18,000 53,200 60,300 17,800 14,300 14,800
6

B 60,000 18,000 53,200 60,300 25,200 32,000 26,000

T 60,000 21,300 49,200 52,700 21,500 32,000 26,000
7

B 57,200 24,300 35,700 48,600 17,800 17,900 22,600

T 60,000 18,000 49,700 48,600 21,500 14,300 22,600

B ,13,600 28,500 32,000 39,000 25,200 32,000 22,600

Total 444,400 167,400 348,100 381,500 172,000 111,100 164,200

Average 55,550 20,925 43,512.5 47,687.5 21,500 21,387.5.20,525

T - Top pulley
F - Bottom pulley

8
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TABLE II

NUI4BER OF REVERSALS COMILETED WHEN BROKEN WIRES WERE RECORDED

FOR TIN-.COATED CABLES TESTED ACCORDING TO MIL-W-1511A-4

a. -65 ° F Tests

Sa mple Manufacturer

No. A B C D E F G

T 25,000 30,,800
2

B 25,000 30,800

T 25000 30,800

2,
T 25,000 30,800

T 25,000 30,800

B 25,000 30,800

T 25,000 30,800
4

B 25,000 30,800

Total 200,000 246,400

Average 25,000 30,800

b. + 700 F Tests

T 24,400 36,000
5

B 31,000 36,000

T 24,400 52,800
6

B 28,000 36,000

T 31,000 36,000
"7

B 31,000 47,500

T 28,000 49,400
8

B 34,000 32,400

Total 231,300 326,100

Average 28,975 40,762.5

T - Top pulley

B - Bottom pulley

9
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TABLE III

NUMBER OF REVERSALS COMPLETED WHEN BROKEN WIRES WERE RECORDED
FOR STAINLESS STEEL CABLES TESTED ACCORDING TO MIL-W-151IA-4

a. --65 ° F Tests

ample Manufocturev'

No. A B C D E F G

T 19,200 21,700 54,110 41,700 23,80 16,500 26,500

B 19,200 14,000 40,000 49,000 23,800 30,500 26,500

T 19,200 21,700 28,800 34,800 27,600 2,000 26,500
2

B 22,800 14,000 40,000 49,000 27,600 16,50C 38,000

T 29,900 21,700 64,700 38,300 23,800 30,500 33,000
3

B 52,000 11,600 36,500 55,600 27,600 20,000 26,500

T 210 ,900 7,500 5.1,100 38,300 37,900 20,000 26,500
4

3 37,000 21,700 50,600 31,400 23,800 20,000 38,000

Total 229,200 133,900 365,800 338,100 215,900 156,000 246,500

Average 28,650 16,737.9 45,725 42,262..5 26,987.1 19500130, 81.

b. 4- 70 ' F Teots

28,900 18,400 16,200 42,003 250O0 6,500 14, Al0

B 39,.200 18,400 16,200 42,000 2.1,700 6,500 18,000

6 25,300 14,900 20,000 45,600 21,700 27,100 2,',900

B 32,200 11,000 27,400 38,300 28,700 27,100 18,000

'25,30 18,4()0 27,400 42,030 18, 0)) ),300 21,700

B -32,20) 'il p 01)0 16,2(. 38,()(0 2.1, "0() 19, 000 18,0)0

T 18,70( 14,900 20,()500 25,100 3w500 21,70Ck

8 25,300 1.4,900 1b,200 31,41,10 21,706 27,100 7,200

T0 a I 227,100 121,900 59,600 242,300 B-, 700 1586,(00 144 ,001)
Aworogs 28,387.5 15,237.5 09,950 36,537.5 22,9b:!.5 19,750 18,000

T " Top pulley
B Bottom pulley

l~t'.
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TABLE IV

NUMBER OF REVLRSALS COPLETED WHEN BROKEN WIRES Wi!,'RE RECORDED

FOP STAINLESS STEEL CABLE, TESTED ACCORDING TO MIL-C-5424A-I

a, -65*F Tests

Saple Manu facturer

No. A B C D E F G

T 26,000 35,700 150,000 100,500 47,300 16,700 25,2C0

B 26,000 21,800 80,400 1.10,80C 32,400 41,700- 46,800

T 89,500 50,300 150,000 104,400 28,700 41,700 54,700
2

B 89,500 39,500 89,100 145,900 65,600 41,700 46,800

T 26,000 50,300 30,9001 150,000 75,600 38,800 36,700

B 89,500 35,700 74,000 132,000 61,400 34,800 66,800

T 65,200 57,500 150,000 150,000 61,400 20,300 66,800
4

B 68,000 28,600 67,000 11.0,000 54,300 20,300 60,100

Total 479,700 319,400 791,400 1003,600 426,700 256,000 403,900

Average 59,952.5 39,925 98,925 125,450 53,337.5 32,000 50,487o5

b. + 70 ° F Fests

T 22,500 31,000 57,820 53,000 66,700 70,000 1.9,500

5
B 137,000 34,200 62,200 85,000 70,000 42,200 36,200

T 70,000 1.4,300 62,700 60,350 63,600 31,600 29,500

6
B 46,500 34,200 62,700 37,900 66,700 48,-00 57,600

T 28,700 24,500 36,100 71,000 42,000 76,900 47,800

7 B 53,200 34,200 57,820 85,000 63,600 87,600 57,600

T 81,200 31,100 57,820 8.,000 46,600 76,900 57,600

B 56,700 29,500 57,820 81,000 50,000 52,900 47,800

Tota 1 495,800 233,000 454,980 554,250 569,200 486,600 353,600

A v rage 61,975 29,125 56,872. 69,281.21 71,150 60,825 44,200

T - lop pulley
B - Bottom pulley

11
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Figure 4. A verage Percent of Breaking Strength Remaining After Endurarwe Tests of
Top and Bottom Pulleys

!00 -- -

90

I- TYPE 1/8"1 X 19 TIN-COATED

G1 so -2 & SPEC NIL- W-15I1A-4
40 -I

30 "n
C3, UO 4,)c

20e
.L= cai

V A m C D E F
MANUFACTURER'S CODE

Figure 5. Average Percent of Breaking Strength Remaining After E-ndurance Tests of
Top &' d Bottom P~ulleys
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70 TYPE 1/8" ?XI9 STAINLESS STEEL
60

SPEC NIL-W- 1511A-4'"' 50

. 40
30
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I0
0 A B C D E F

MANUFACTURER'S CODE

Figure 6. Average Percent of Breaking Strength Remaining After Endurance Tests of
Top and Bottom Pulleys
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Figure 7. Average Percent of Breakirig Strvngth Remainfng After Endurance Tests of
Top and Bottom Pulleys
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Figure 8. Average Percent of Breaking Strength Remaining After Endurance 'rests of
Top and Bottom Pulleys
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Figure 9. Average Percent of Breaking Strength Remaining After Endurance Tests of
Top and Bottomo 'ulleys

14



SEG-TR-67-19

90

To TEMP + 7061

i60 TYPE :1/8' 7iX I9 STAINLESS SURL

~50 SPEC :MuL-W- I5IIA-4
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MANUFACTURER'S CODE

1* Figure 10. Average Percent of Breaking Strength Remnaining After Endurance Tests Uf
Top and Bottom Pulleys
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Figure 11. Average Percent of Breaking Strength Remaining After Endurance Tests of
Top and Bottom Pulleys
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APPENDIX 1

DETAILED TEST DATA FOR CODE A

(Tables V through X and Figures 12 through 17)

In the figures for the -65°F tests, the cables
are arranged in the follcwing descending order
for Parts a and b of each figure:

Sample 1

Sample 2

Sample 3

Sample 4

In the figures for the +700F tests, the cables
are arranged in the following descending order
for Parts a and b of each figure:

Sample 5

SampLe 6

Sample 7

Sample 8

16
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TABLE V

BREAKING 13TRE NGTH OF CODE A GALVANIZED CABLES BEFORL
AND AFTER~ ENDURANCE TESTING AT -65 0 F TO MIL-W-1511A-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTiN;
SAMPLE ENDURAN4CE TESTING (1000 LBS REQUIRED IV SPECIFICATION )I

NO. (2000 LBS REQUIRED TOP PULLEY BOTTOMN PULL EY PASSED FAILED

BY SPECIFICATION) PONS PERCENT POUNDS PERCENT
______________REMAINING ______REMAINING

1 2150 1280 59.5 1150 53.5 x
2 2175 1050 48.3 1030 47.4 x
3 2200 88E 40.2 1210 55.0 x
4 2175 10651 49.0 975 44.8 x

Total 8700 4280 4365

Average 2175 1070 49.2 1091 50.2

a. Top Pulley

b. Bottom Pulley

Figure 12. Code A Galvanized Cable Endurance-Tested at -65 F to MIL-W-1511A-4.

17
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TABLE VI

BREAKING STRENGTH OF CODE A GALVANIZED CABLES BEFORE
AND AFTER ENDURANCE TESTING AT +70°F TO MIL-W-1511A-4

POUNDS BEFORE BREAKUNG STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTIFJN (1000 LBS REQUIRED IY SPECIFICATION )

(2000 LOS REQUIR01 TOP PULLEY BOTTOM PULLEY PASSED FAILLO

BY SPECIFICATION) POUNDS PERCENT POUNDS PERCENTREMAIN ING RECAIE I N

5 2150 1710 79.5 1805 83.6 x
6 2175 1850 85.1 1695 77.9 x
7 2200 1725 78.4 1785 81.1 x
8 2175 2035 93.6 1835 84.4 x

Total 8700 7320 7120

Average 2175 1830 84.1 1780 81.8

a. Top Pulley

b. Bottom Pulley

Figure 13. Coe A Galvanized Cable Endurance-Tested at +70 0 F to MIL-W-1511A-4

18
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TABLE VIT

BREAKING STRENGTH OF CODE A STAINLESS STEEL CABLES BEFORE
AND AFTER ENDURANCE TESTING AT -65OF TO MIL-W-1511A-4

POUNDS BEFORE BREAK(ING STRE'NGTH AifR ENDURANCE TESTING

SAMPLE ENDURANCE TESTING (950 LBS REQUIRED BY SPECIFICATION)

NO. (1160 LIS REQUIRED TOP PULLEY BOTTOM PULLEI PASSED FAILED

BY SPECIFICATION) POUNDS I
REMAINING POUDS REMAINING

1 1900 1600 84.2 1745 91.8 x
2 1875 1750 93.3 1610 85.7 x
3 1950 1745 89.5 1585 81.3 x
4 1875 1750 93.q 1550 82.7 x

Total 6845 6490

Average lo,(l 1711 89.0 1623 84,(1

a. Top Pulley

b. Bottom Pulley

Figure 14. Code A Stainless Steel Cable Endurance-Tested at -65"F to MIL-W-15 (1A-4

19
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BREA1QNG STRENGTH OF CODE A STAINLESS STEEL CABLES BEFORE
AND AFTER ENDURANCE TESTING AT +70 0 F TO MIL-W-1511A-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTINC (950 LBS REQUIRED BY SPECIFICATION)

NO, (1760 LBS REQUIRED TOP PULLEY BOTTOM PULLEY PA55F) FAILED

BY PEIFCAIO) ouos PERCENT PERCENT
BY__SPECIFICATION __POUNDS REMAINING PO0U ND S REMAINI NG

5 1.900 1555 P11.8 1385 72.9 x
6 1875 1420 75. 7 1450 77.3 x
7 1950 1505 17,2~ 1385 70.5 x
8 1875 1570 83.7 1345 71.7 x

Total -- 7600 6050 J5565 ___-

Average 1900 1513__ 79.6 1391 '73.1 1

a. Top Pulley

b. Bottom Pulley

Figure 15. Code A Stainless Steel Cable Endurance-Te~ited at -170'jF to MIL-W-1513A-4

20
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TABLE IX

BREAKIN~G STRENGTH OF CODE A STAIN~LESS STEEL CABLES BEFGRE
AND AF.&-R ENDUR~ANCE TESTING AT -65OF TO MIL-C-5424A-1

POUNDS BEFORE BREAIG STRENGTH AFTER ENDIJRANCE TESTING
&IAMPLE ENDURANCE TESTING (050O LIS REQUIRED BY SPECIFICATION) )A!E #,L'

NO. (1160 LBS RE06IRED Top PULLEY ___ BOTTOM PULLEY PSE ~L~
BY SPECIFICATION) POUNDS PERCENT PONS PERCENT

________ ______REMAINING OUVS REMAINING

1 1900 1860 97.9 1850 97.4 x
2 1975 1.90G 906.5 1860 94.2 x
3 1950 1885 96.7 1870 95.9 x
4 1875 1850 98.7 1825 97.3 x

Tatat 7700 7500 7405

Average 1925 1875 97.5 1851 96.2

a. Top Pulley

I!?

b. Bottom Pulloy,

Figure 16. Code A StainleHH Steel (Thble IEndurarnce-1'emted it -.66")e to MI I,-W-5424A.-.I

21,



TA UE 0

BREAKING STRENGTH OF CODE A STAINIXISS SiTEEL CA'14,HS BF, ,OHEl
AND AFTER ENDURANCE 'CES'TNG AT 410O). TO M1L'-C-5424A-J1

POUNDS BEFORE DREAkINC STRENGTH AFTER ENDURANCF TEST VAG
SAMPLE ENDURANCE TESTING (950 LSS REQUIRED BY SPECIFICATION) PASD)IE

NO. (1160 LIS REQUIRED TOP PULLEY BOTTOM PULLEYPSEDAIE
BY SPECIFICATION) POND PERCENT PONS PERCENT
_______________ ______I REMAINING ROND EMAINING -

5 1945 1900 97.7 1805 92.8 x
6 1975 1865 94.4 1905 96.5 x
7 1950 1850 97.4 19D15 99.2 x
8 2045 1875 91.7 2025 99.0 x

Total '7915 7580 7630

Ave~rage 1979 1895 95.8 1907 96.4

a. Top Pulley

b. Blottomn Puticy

I*01'( 17-e I?. ( ,A 81IaflHn1-w -Amoil ( ahIc 14:iduraithe%, '(4tO(I at 1 70" V~tv PMl [,W-*42A-

22
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I)DETAILED TEST DATA FC",R CODE B

(Tables XI through XVI an6 Flgtroe 18 thrugh 22)

Since galvanized samples fa~led the low ton*,cratur
tests, no figuxes are included for thesg samples.

In the figures for the -65°F tests, tbit cables rc tir-
ranged In the folloving descending order for l'arts it
and b of each figurem.

Sample 1

Sample "2

Sampl e 3

t-anple 4

In the figures for the +70°F tests, tho dcbi), a o ar-
ranged In the following descending ordorlr ihw arts a
and h of each figure:

smpl 1.) 5

Sample 6

Saniplu 7

Sa1rtplo H

23
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TABLE XI

BIREAKING CURENGTH OF CODE B GALVANIZEfl CABLES BERRIOe
AND AFTER ENDI)UANCE TESTING NV -65° TO MI1-W--1511A-4

POUNDS EFORE BREAlIN; STRENGTH %F' iEE ENDURANCE TESTING
APPLE FHO61RANCE TESTING 1000 LIS REQUIRED IV SPiCIFICATION )

NO. (2000 LIS REQUIRED TOP PULLEY POTTON PULL E' PASSED FAi .EO

BY SPECIFICATION) PERCENT 1 1,1 POUNDS PiRCENT
'R__jEMAINING ____REMAINING __--

1 2476 ("ablon oomplotolv X
2 2450 soparated prior x
3 2460 to 70,000 rovormisn. x
4 2450 'roitN wore tormitutd. x

Avorage 245f,

I 1I'

~ - -
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TABLE X11

BRLE AKING '1TRENGT1H 011' COD)E 'It "ALVANIZE1J CABALES BIEFO.RE
ANI) AFTER3 ENDXJtANCE TESTPIING AT 1700 F',ro MIL-W-1551A-4,

POUNDS IEFORF BREAKING STRENGTH AFTER ENDURANCE TESTIF6
SAMPLE ENDURANCE TESTING (P000 LOS REQUIRED IT SPECIFICATION )

NO. (210O LBS REQUIRED ___TOP PULLEY BOTTOM PULL EY PASSED FAILED

BY SPECIFICATION) PIN5 PERCENT POUNDS PRENT
REMAININGREAN G

2475 1700 68.7 1180 47.7 x
6 2450 1415 57.8 1450 59.2 x
07 2460 1445 64.7 1395 56.7 x

82450 12465 5(J. H 1315 F53.7 x

rot~a 9835 6 806 5340

Avorago 2469 J14GJ G9.0) 13.15 5 4.3

a. Top Pulley

k I''i~~11glru Ili. (%1tq1011aiv.iiedC~t~~ 1Fauhlr-icuI*1 'IetiludI :g, P/0 10HI hai M 11 W II 1 A 4
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TAB1LE XIUI

lltEAEJNG STRENGTH OF CODE B STiiJNLESS STEEL CABLES DEFORE
AND AFTER END)URANCE TESTING AT -665F TrO Mli-W-15IIA-4

POUNDS BEFORE BREAIII STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTING -,(950 -LBS REQUIRED 'BY SPECIFICATION) ___7

NO 16 B EURDTOP PULLEY --- BOTTOMPULLEY .- PASSED FAILED
PERCENTPECNBY SPECIFICATION) POUNDS REMAINING P0U

1 2260 1290 5. 406.
2 2250 1375 61I.1 1200 53.3 x
3 2240 1295 57.8 1345 60.0 x
4 2240 1365 60O.9 1325 59.2 x

rpotid H990 5325 5W40

Averaige 2248 1331, 5i9. 2 1335 59.4

K ~d~ft-1-7Wle

Top 1111l/



IA II I'J
+~ ~ ~ 6- 19J-N LA I+'L

TIA I i'1,E 14XI V

f, t'AKIN(' S.REN0I'II )F' C))E .B HI'AIN.I4',I, CABILi ES IU'V, liI. -

A NI D A," !I'" It 1 )NI fH.NAN 1 't'"+4 I'I N( AT'I 7l,'' 'l( ) MI.,-W-1 5 1iA-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTING (950 LOS REQUIRE) BY ';PICIFICATION)

TOP" "PULY .... .O M PULEY PASSED FAILFD
NO. (1160 LIS REQUIRED TOP.... ................. .

BY SPECIfICATIO N ) POUNDS PERCENT Pol"DS PERCENT
-YPC TI N PUNREMAINING ___ J______ REMAINING_ _

5 2260 1375 59.2 1400 11.!) x
6 2250 1325 t00.8 130 )0 0.0
7 2240 1300 58.9 1325 59.2 x
8 2240 1275 5180 1290 57.6

Total 8990 5275 56.9 5365 59.7

Avorngc 2248 1J119 5H.7 1:41 59.7

Ii. 1 ~ll.tI ,f I 'IiIhi4 ,

i+'ll'l' , . ('1141v It ,,'lilll,m+ 'SIc , 0 611hI, lit vlnilmor ' lci l of I. 1 0 I t'I., [VillI, w'+ Ii, IA I



rIIAI3IE XV

IUIEAKING 81lIENGT'H OF CODJE B STAINLESS STEEL CABLES BIEb 1OuE
AND) AFTiERI ENIJIANCE TESTrING AT -65"F To Mli-C-5424A-1.

POU(NDS BEFORE BREAKING STREHNT1I AFTER ENDURANCE Y ESTING
SAMPLE E2NDURANCE TESTING (950 LBS REQUIRED DY SPECIFICATION

NO. (1760 LBS REQUIRED TOP PULLEY BOTTOM PULLEY '-PASSED FAILED
BYSEIIAI ONS PERCENT PONS PERCENT
BY PEIFICTI N) OUDS RENA N IN6 ~ bO REMAININHG

1 2260 1970 87.2 2010 88.9 x
2 2250 2085 92.7 2005 89.1 x
3 2240 2120 94.6 1790 79.9 x
4 22410 2155 96.2 2090 93.3x

Total H99(0 8330 7895

A vurago 22,4 8 2083 92.6 1974 87.8

a. Top Pulley

I4,11 gi c' I . 00410 -hii ~M -~A( It'llul IN1itt Stiin* oMt~tld fit W ti) M' - 42s
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TABLE XVI

BREAKING"STRENGTH OF CODE B STAINLESS STEEL CABLES BEVORE
AND AF'TER ENDURANCE TESTING AT +70 01' TO MIL-C-544A-1

POUNDS BEFORE jBREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTING (950 LOS REQUIRED 17 SPECIFICATION ) PASDFIE

No. (1160 LBS REQUIRED TOP PULLEY BOTTOM PULLEYPASDFIE
BYSEIIAIN ONS PERCENT PONS PERCENT
my PEIFCAIO) OUDS REMAININC PONS REMAININP

5 2260 2125 94.0 1950 86.3 x
6 2250 1935 86.0 1940 86.2 x
7 2240 1910 85.3 2005 89.5 x
8 2240 1805 80.6 1945 86.8 X

Total 8990 1775 7840

Average 2248 1944 86.5 1960 87.2

a. Top Pulley

b. Bottom Pulley

Figure 22. Code B StainlesH Steel Cablfv Enduvanic-Te~ted ait A-70"' Fto MJF-(-7t 24A-

29
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APPENDIX IV

DETAILED TEST DATA FOR CODE C

(rables XVII tkrough XXIV and Figures 23 through 30)

In the figures for the -65°F tests, the cables are arranged
in the following descending order for Parts a and b of each
figure.

SI; mple 1

Sawple 2

Sample 3

Sample 4

In the figures for the +70F tests, the cables are arranged
in the following descending order for Ikrt, ,t and b of each
figure:

Sample 5

Sample 6

Sample 7

Sample 8

(.I



TABALE XVUI

BREAKING STRENG~rH OF CODE C(2 GALVANIZEL) CAB3LES BEFORIE
AND AFTER ENDURANCE TESTING AT -650F TO MIL-W-1511A-4

POUNDS BEFORE BREAKINP STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTING (1000 LOS REQUIRED BY SPECIFICATION PASDFIE

NO. (2000 LBS REQUIRED fOP PULLEY BOTTOM PULLEYPAEDFLE

BY SPECIFICATION) POUNDS PERCENT -POUNDS PERCENT
REMAIN ING REMAININg ___

1 2400 1970 82.1 2095 87,3 x
2 24100 1990 82.9 '1880 78.3 x
3 2460 2105 85.6C 19,75 80.3 x
4 2400 1620 67.5 1865 7737 x

Tfotal 9 ()G 0 7685 7815

Averago 2415 1921 79.6 1954 80.9

'101 I'11v



l'T, 1 XViIN

BRJEAKING S'VHENITII 01F CODE C GALVANI',,ED CABL4 E lifW)AJI,
AND AFTEBt ENDUHANGE TF{1'NG 41 J.+701. 'VT) M11-W-1511A-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDUR AN CE TESTING (1000 LIS REQUIRED BY SPECIFICATION )

NO, (2000 LBS REQUIRED TOP UCLEY BOTTOM PULL EYPAEDFLD
BY SPECIFICATION) POUNDS PERCENT POUNDS PERCE3T
___R_ E__ EM A I NI NG REMAIN ING

5 402260 93.8 2210 80.9 x
6 402070 86.3 2,150 89. 6 x
7"401920 73.0 2030) 82.5
8 402130 88.8 2110 87.9

'I'utal 966(0 8370 8500)

Averago 2415 2090 86.6 2125 813,0

a. Top P~ulley

;",I. ('11do C (4,1.1vmlizoid (',ilj i id I1 'V t il 11I



'I'A I11 X XIX

IIAKINK ( R'I'ILENI'l'tI U.!' (.OJ)F C 'IiN-Gt.A'14i) CAl l ' 1iF'( ).,IF
AN) A Fi'1,lt ,NlflII{ANCI'I I.1,S""''N" A'.1' -65"F 1'() MII-W-151.iA-4

POUNDS BEFORE NREAIIr STRENGTH AFTER ENDURANCE TESHNC
SAMPLE EDURACE TESTING (1000 LS REQUIRED BY SPECIFIATIOH )

No. (200Q 1,S REQUREr} TOP PULLEY iBOTTOM PULLEY PASSED FAILED.

RY SPIHIVICATION) POUKUS PERCENI POUNDS PERrFNT
RE AI N I h G REMAIN I NG

1 24:60 1445 5H,7 4.5 47 x
2 2470 1575 (:1.8 130 61.9 x
3 24H0 1645 56.3 1595 64.3 x
4 2470 1515 (;[.3 14,45 5 .5 x

I'otil 91 t5180 Gl15

Avo rtgo 24:70 1545 62.5 1i39 62.3

I1,11 . 0 T III )IIII 'idI1h iiuIII I'llA 1 t '' I h M I I, I IA 4

AN
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'IAlfl''XX

WtI1P(I(4 {I1t~N(~'flOF' ("(WE' C l' TJ- fUIA V~)(AiE I1 "I

POUNDs lEvogF BREAKING STRENAT"i AFYEA Fi4DURAMC TESTING
SAMPLE flIDURANCE TkSTIMC _ O LO0" S PF !'ND UY SVCIFICA1'ION )

No. %?000 1.1S REQUIREU __i Tu PULE lO N PULL !Y ASDFIE

BY SPECIFCATION PFRCE NT POA0RCANTN
REI AlI N IN; EANIN

2,160 215 Q~ 2120 86.2 x
2470 '1 k001 "Y. 0 2105 81t. 2

7 248(1 14,0 83.,' 20J26 81,1 x
82470 H~ 7.0) 1.900 7 6. 9

A v( .oVgo 247(0 Ili W 85. 20 1:, 81. 5

:14:



TAB.TEF XXI

11HEAKING. SrREENGT1H 01'XUJ C STAINLESS STIEEL C'ABLES BEFORE
ANI.) AFTER ENVURANcE TESTING AT 50 TO MIl,-W-1511'A-4

POUNDS B IOR WAKING STRFNGTH AFTER ENDURANCE TESTINC
SAt~ ENDURWCE TESTINO 0,5 IDS REQUIRED BY SPECIFIC ATION) PASDFIETOP PULLEY BOTIO o ULLEYPASDFIE
No. '11760 'LIS REQUIRED ~-__ _____

DV SPECIFICATION) POND PERCFNT POUNDS EWNN I___
'REMNAINING MANG

11940 1825 94.1 1780 91.8 x
21980 1805 91,2 185i0 93.4 x
319diO 1895 96.7 1785 91.1 x
41960 1835 93.6 1775 90.6 _________

1ou ~ 78i4U 7360 7190 __

Avrw, 41.90 '1840 j 93.9 1798 91.7

a&. T op Ptulley

F~ g~ai&~ 9'( " b 4c lc Cab -. ale 1Aur t4''t a *fl)et MI W-1I 51 1 A.



AN) A~FTE ENI)U1{ANCE 'FSI'N ATi +t70"V T() M). I-W-1i1, 1A L-4

POUNDS BEFORE B RE A KIN1G ST~k AFTER ENDURANCE TESTIMG
SAMPLE ENDURANCE TEStINC (950 LIS AEQJ RE-D BY SPECIFICATION ) -PSE AiF

No. (1760 LIS REQUIRED TOP .PUL E BOTO PLERCPASENTILI
BY SPECIF ICATIO II) PUNDS R E NTING p0UNI RENT

51940 1220 62.9 14:50 74.7x
6 1980 1465 74.0 .1 )7 5 mr).

1719S0 1500 70,5 125r5r 64i.
8 1960 1600 81. 6 1100 5 6. 1

Total 78,0 5785 54801

L ve Iage 1960 1446 73.8 1.370 69.9

a. Top Putlley

b. B1ottoin IPilhey
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TAIV\ u l XXIV

P0IJD~ l~ O~BSRlAIIH SIHINC~IN AlIT1H I NDtRANGI1, U1149
~ANI NiJHHIIiisi~c (950i 1 NS BI~MI0fY SI'ICIIICAIIi )

H, (1160 IRS 11LOUIRID T10 11 PIIIy NOTION poll IY PASSID 1AIIIII

BY SPECIf CA'!ION) poUhn% PVRCIN! ONr PL R c E N
__R1 M__ IAIN ING Rf NA IN I N

h I941 190) (1 9 1)1 LHi 9812
I90I.) H70 91;. 11 1900! 6.
I 9 1 I,91,111111 I 91)
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lI tNu followlugj (1(ot(emoIilij lrile'r fi' i 'ii a71111~ vvd I) ()I' fiiull

fit Ito figuarota for im'tIoeV OTF turd tim i eboti utro II rrungiml
III Othu tolltuwing ikmonding mIIIIhu for' hI 'jar1 -- zuld 1) or 11lich
hluto
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AND A1:i'iiP:1 EJI )IJIAN0( ; 'I1T'TJN(Al TA-i ' TI( ) M -W.iI./"4

POLINusUS fF0RV BREAKING STRENGTH AFTER ENDURANCE TEST I1iC
SA MPI 1: l'NUHANC 1E W.11NC (1000 LBS REQUIRED IV SPECIFICATION)

No. (7000: Les HI'UUIRD TOP PULL1EY BOTTOM PULL EY P'ASS~DFAI)

01' SClIVIUATION POND PI HC I NT PlOUND 05 PRCEANN
H FM AlI N I NcR A

1, 230(120 N co '/ 1.220 5:1, 0
2 2.1 ; 0 1.; GI 0 cH.2 1, W 6 2

:1 2: 15( 0 14 15 . 1. 495 63I 6;
41 1;0 1.1,70 419. 0; 10) 42.4 -

9370i~ 15 47 w 4:900

A vi eig~ 6 1) H8. 1.22.5 6

ut. Top Pldiely

111glu', 34 .I, C i c 0)& 1) Go auiz ,i ( 'afle 1-:1 1111 Iti t! c-l i J ted at -.65"' to ~11' Ic .. '

4.')



rIIAIT4e, XXVI

.1 8A1. ,1EN6411I 01"' COE),, 1) (rAL VANIZJQD CA I I 148 i IF ,FOLLF
ANMJ) &V114i1 ENI) 11A(4 N E, 'J'ES'1NQ AT.1 +701'V TO MIT cW-fi.L A -4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDUUHAECF TESTING iIOVO LIS REQUIRED IN SPECIFICATION)

No. (2000 LBS REQUIRED - -TOP PULLEY ROTTO'W PtII PASEEVII
BY SPECIFICATION) POUNDS -- PFRCEMi - OAD PERCENT

59 )170 RENAIlINg PORD RE MAININ- G
5 .10 17 6, 11870 WL 3i

62~3 f0 1I 820 7.7 7.1 1980) 84, 0
7 23150 tf10 W 7.98 H0.4

2 2.1 ( 1875 7' .4 1,9!A)84

'tottl, 9 370 7496 17110

A 01"tU'tg 2:143 447 0.0 J ;i82,5b

" W1



AND~ 4lF'l0l I;Nl~hh1AN(I,: 'l~S': l-fWi~ T'q MI I v-~i.J-

POUNDS IEFORF AREAMING STRENCIR AfTER 1 04000AC TESTIA;
SA NPL[ ENDURANCE TI SJINC (1000 LISi ROMIEO IV SPCIFICATION)

No, (?O00 ILS HFgIJIRC.D TOP PUJLLEY JOTow rutLY i y

BYSPECIf ICATION ERCEIHNT ia fN

1) 4 1960 '192 II ,0 l.K

A v (i r: tgo 12LI24( ' 41 "'..10



POUNDS stiviiv DIIAKINC SiRENC1H AFT[RN ENDURANCE IESTINC
SAMPI I1 I'MDUR AMC I I SiINC (1000 [.15 REQUIRED IV SP1CIFCATION

NO, (2000 I'as I4IIIIIRID TOP PULLEFY 10 T TON PUL L IY PASS t FAll 1BY 'SP[C IfI C A 11ON ) 0 A1[ N N , FmT POUNDS rPFC[T
HIMAIN INC, RIFMA I NINCG

H 111( 1 0110(

I Ii '

A A t I M
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5AMI In I NIJniHANCI MUM INC I RS NIQIII 11 BY W [ C11 ICArION)
lop PHI If IIiY ItO I tl f0 I0 lU ON PI'I I~ v A O r 1 0~~

BY SP I CIfCI C OA 11 HN 1,I011 N~IU HIP4IN

I DIN) I1H H.I(L, I1100!I

3 MOO~ I G. ii I 111

I ~,tI~ Ic

44



ANI A I'Ii''IUENI )lANC:':'I'll: HN( T AT j71)Il T() M -[,II

polijrolS sIIoRf, HRfAKING SIR[IICTH A TI R F NDURAPIC1 TlST Iflc
r Agli'I NOIIRAFICI TUSTING 195 1 US RIQUIHIA B Y SPICIF ICATION)

No. (1lti0 INS [QUIRI D Top pl PIY RoITp4 ru iy PV PASSID WHOII

BY SPILCIFICAIION ) hOUNDS)pmti, P P 0 SCH pRI [DN

7 Ifl'( M; '11;.11 lt0 77.4 I'l(

6 190)0 lb ,1 V! 71. 1 1,W H30

A VO 11 Ituo14 6 .1 11 lo t o , 1 'i1 (A
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POUNDS BEFREo BREAKING STRFNGTA AFTER ENDURANCE TVSIN

SAMPI [ I'MOURANCI, TISTING (950 LIVIS REQUIRE-D BY SPECIFICATION-)
NO I10LB EURDTOP PULLEY HOT-TOM P U L L EY - PASSFI) FAILED

BY SP[CIFICATIO N) p t r'N 5 PECN POUNDS PERCENT

1I 1860) 1575 84. 7 1700 91.4 x
21900 '17 /11 18 .1745 9:1. 8 x

31 1 860 16 6( 8 9. 2 1725 92.7?
41900 16 u:5 8 G. 6 1770 93.2 x

a'7b20) 625 6;940)

A v~i ngu 'I HH( L65 8H. J. 1735 92. i

46;



ANII A IiIt ;NIItANtIE; I P.14VINih A 411~ 1- it) Mfl-Cr4'J4A -

I ~~(10 *ot StA LIS TR4NG 1 T0 I SIURIATI91 )P Ii
PASDFAILED

NO 1000 LIS 11101111ED TOP PULL[Y BOTTOM PULLE IVSE
SY SPECIFICAT ION) POUNDS PERCENT POUINDS PERCENT
_____ I__ _ IIIA I NIN G - -11M1AINING

5 1960 1800 91.8 1875 95.7 x
6 1900 1685 88.7 1665 87.6 x
7 1860 1675 90.1 1700 91.4 x
G 1900 1705 89.7 1705 89.7 x

Total 2620 6865 6945

Avex-age 1905 1716 90.1 1736 91.1

a. Top Pulley

b. 13rliorn Pulley

Figure 38. Code D Stainless Steel Cable Endurance- Teted at +700 F to MIT,-C-,5424A-1
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N £(QTR-07'-1l

DIrTAILXD T T" DATA PONt CWN,)l I

(Tables XxXIui Wrm XXXVw1 Ad Vlap .s U* Bkke0.q 48l

Since pI-isaMad lampls h khd *A 1W teftsmprtm eas,
no fiarme uv oluded taow ime b~ples.

In thA figures for the '687 Wisp the able# 4m arr4ed to
the following deooendo n order for ParU a *ad b of each fig-

1Sample 1

Sample 2

Sample 3

Sample 4

In, tbe figures for the +70°F tests, the cables are erranged in
the following descending order for P.Uts a and b of each fig-
ure:

Sample 5

Sample 6

Sample 7

ample 8
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MMML stool

AM~~ AV151 LotI~h MWIM94 A 11~ INIIII LWISLLA'Ii

KI tillo Los 1111141%i tit POILL11 f'IiiTI Plittv151 rI

F346 tools$ FIROP. T

1 2060Cablex ozraiteLy
22300' mpuratod prior' to

3 2380 70.000 reversals.
4 2360 Toots were termina'ed. x

Total 9180

*Average 220
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ANL) AII'T$§ RNIJURAN~ 1*92411M AT +701t 1U MiL-W-151 M. -4

POND Ifrolt I1IN~I STUINITO Am$E MVIWA1116 "OWN~N

SAMPLI (NOYNANCI T111116 (1414 LOS R1111111 IT SMEIFIOATION j

12000 Ljr, gl4UISjo TOP PULLEY fit J Tc AI§ A: o

AV SPECIFICATION) ~ons PeACENT

452060 1125 54.6 795 38.6 x
6 2360 975 41.3 960 40.7 x
7 2380 725 30.5 1110 16.6 X
8 2360 1065 45.1 1140 48.3 x

Total 9160 3890 4005

Average -~2290 9342.5 100 43.7

a. Top Pulley

b. Bottom pulley

Figure 39. Code JE Galvanized Cable Endlurance-Tested at +70 F to MIL-W-1511A-4
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FI~N$ 111111 * ski W11111 111111111 411 INIVI~ A I~ 15111111
AMU Y~kt WL)UhULIS(4I A t -Il M61114111141~~

~~~~ewuu~~~~ ~ ~ 1AH WWIgSIIS ISS1 ii l~SUttis

A AuUliil uvIu, INING lI

1 2000 470 23.5 550 127.5 x
2 1980 goo 48.1 975 49.2 x
3 1975 950 48.1 1090 1 55.2 x
4 1980 Test No. 4 completely separated prior to

____________________ 70.000 reversals. Tests were terminated.

Total 7935 2320 _____ 2615 -

Average 1984 - 773 j 29.2 872 J33.0

a. Top Pulley

b.* Bottomn Pulley

Figure 40. Code E Stainless Steel Cable Endurance-Tested at -f65 0F to MIL-W-1511A-4
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AW0i A YH X b;N*ILUI4tPh IKMVINU AIt?* '110' Mt WI-W- I M A-4

jAUPLI tCV1AW~ .:: LI 111,111 PILE - CFCT,0 PASSED 7AIL[D
No 11160 LIS 1140'RU TO- PU-[VI O OL

IV SPECIFICATION) POU D uwosT Po wo -U- C

5 2000 475 23.8 590 29.5 x
6 1980 765 38.6 970 49.0 x
7 1975 815 41.3 622 31.5 x
8 1980 900 45.5 610 30.8 x

Total 7935 2955 2792

Average 1984 739 37.2 698 3.

a. Top Pulley

b. Bottom Pulley

Figure 41. Code E Stainless Steel Cable Endurance-Tested at +70 F to MIL-W-1511A-4
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3'AHL. XXXJII

WtKMJN0 MITHUNUIV OF. COL)k k; B1'AINLK& W1-'k;L U1LMMK16 W'OHK
ANI) AFTUM KNO)UUANC19 T151,040 AEr -07 TO MIL-C-544A-l

I S&MPLE MU"NRCE 1"STING (35O LOS REQUIRLD BY SPECIFICATION)
No, (1700 LIS REGUINED TOP PULLEY BOTT ON PULLEY -PASSED FAILED

IYSPECIFICATION) POUINS PERENBT AFTES PERRA CETW

12000 1355 67.8 1380 69.0 x

Aeae1984 1323 66.7 1440 72.6

a. Top Pulley

b. Bottom Pulley

Figure 42. Code E Stainless Steel Cable Endurance-Tested at -65'OF to MIL-C-5424A-1
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MKMAMMU 11TUTINU11 B OVk 19i 9 1AINI.KNO MI 19161 VA.0AIM001111k
AM0L ArTZk XNUUKAt4US T%'11t4(1 Al'.U #0I T M11,-4.-M4A-I

FIVuISi v 111411i $11116N 113I toluAiCil 1161111
SA M E (N URANCI fill*$ (310 LIS 11641IVu 3? SPICIFICAIISU IP SID F IISAUPLE UOQIANC TUtop TP ULLEY 101 10% PULLEY PSEDVIL

0, (1110 LI 11111

IV SPECIFICATION) POU No Soo PPOUNDS

52000 1735 86. -7.

6 1980 1818 91.7 1700 85.9 17135.871868x

8 1980 1825 92.2 1815 91.7 x

Total 7935 7110 6980

Average 1984 1778 89.6 1745 88.0- -

a. Top Pulley

b. Bottom Pulley

Figure 43. Code E Stainless Steel Cable Endurance-Tested at +70 F to MIL-C--5424A-1
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APPUNMlM VIa

DITAIXID TIar DATA FOR CODI F

(T"i A XX~X tuuu XLV Od Vlrsf 44 U O 43)

Sthe w -aes f tw 5'61r twst, " cables c arrawd
in tie -e ad' oder for Parts a ad b of eaoh

Sample 1

a Sample 3
: Sample 3

Sample 4

In the figures for the +707F tests, the cables are arrazged
in the following descending order for Parts a ad b of each
figure:

Sample 5

Sample 6

Sample 7

Sample 8
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TAULM XXXIX

MhIAKJNG HTHNOTH OF CODE V GALVANIi.ZD smKL CAULEh BEFORE
AND AI'TIR ENDUKANCI TUIS'ING AT -88'r 1'O MIL-W-15IIA-4

POUNDS I[Fog( IAKING STREOING AFTER ENDURANCE TESTING
A PLE ENDURANCE TESTING (1000 LIS 1E0UIRP IV SPECIFICATION )
No (2000 LIS REQUIRED TOP PULLEY IOTTON PULLEY PASSED VAILEO

IV SPECIFICATION) POUNDS FE"9ENT POUNDS PERCENT
______RRENAINING _ENAINING

1 2200 Cable~s completely separated x
at 32,000 reversals.

2 2225 Tests for these cables were terminated. x
3 2300 645 28.0 460 20.0 x
4 2225 505 22,7 470 21.1 x

Total 8950 1150 930

Average 4525 575 25.4 465 20.5

BWA.F

a. Top Pulley

b. Bottom Pulley

Figure 44. Code F Galvanized Cable Endurance-Tested at -650F to MIL-W-15511A-4
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SEG- TR-67-19

TABLE XL

13F;EAXING STRENGTH OF CODE F GALVANIZED STEEL CABLES BEFORE
AND AFTER ENDURA.NCE TESTING AT +70F TO MIL-W-1511A-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTIftC
SIMPLE Ei"PURANCE TESTING (1000 LBS REQUIRED IY SPECIFICATION )

NO. (2000 LIS REQUIRED TOP PULLEY BOTTOM PULL EY PASSED FAILED
BY SPECIFICATION) PONS PERC19NT Pu~s PERCENT

PONS R E NA IN ING PUD REMAIN ING - -

5 2200) 1825 83.0 1515 68.9 x
6 2225 1680 75.5 1710 76.9 x

2300 1510 65.7 1715 74.6 x
8 2225 1745 78.4 1720 77.3 x

Total 8950 6760 6660

Average 2238 1690 75.5 1665 74.4

a. Top Pulley

b. Bottom Pulley

Figure 45. Code F Galvanized Cable Endurance-.Tested at +70 F to MIL-W-1511A-4 ,
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SEG-TR.67-19

TABLE XLI

BREAKING STRENGTH OF CODE F STAINLESS STEEL CABLES BEFORE

AND AFTER ENDURAiCE TESTING AT -65F TO MJL-W-151IA-4

POUNDS SEF0gE BREAKING STRENGTH AFTER ENDURANCE TESTING

SAMPLE ENDURANCE TESTING (950 LIS REQUIRED BY SPECIFICATION)
NO. (760 LIS REQUIRED TOP POLLEY OTTO PULLEY PASEDI FAILED

Y SPECIFICATION) PDS PERCENT PERCENT
IOU REMAINING POUNDS REMAINING

1 2150 605 28.1 1260 58.6 x
2 2140 855 40.0 1070 50.0 x
Z, 2160 1430 66.2 1140 52.8 x
4 2140 1350 63.1 1485 69.4 x

Total 8590 4240 4955

Average 2148 1060 49.4 1239 57.7

a. Top Pulley

a1

b. Bottom Pulley

Figure 46. Code F Stiniess Steel Cable Endurance-Tested at -65o F to MIL-W-1511A-4
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SEG-TR-67-19

TABLE XLII

BREAKCING STRENGTH OF CODE F STAINLESS STEEL CABLES BEFORE
AND AFTER ENDURANCE TESTING AT +70*F TO MIL-W-1511A-4

POUNDS DEFORE OREAKING STRENGTH AFTER ENDURANCE TESTING

SAMPLE ENDURANCE TESTING (950 LBS REQUIRED BY SPECIFICATION)FSEF
No. (176O LIS REQUIRED TOP PULLEY BOTTOM PULLEY PSE FAILED

DY SPECIFICATION) POUNDS PERCENT PONS PERCENT
REMAINNG POND REMAINING

5 2150 1150 53.5 1445 67.2 x
6 2140 1525 71.3 1620 75.7 x

72160 1375 63.7 1075 49.8 x
8 2140 1420 66.4 1245 58.2 x

Total 8590 5470 5385

Average 2148 1368 63.7 1346 62.7

-.... -...

a. Top Palley

b. Bottom Pulley

Figure 47. Code F Stainless Steel Cable Endurance-Tested at +70'oF to MIL-W-1511A-4
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SECI-TR-637-19

TABUL XLUL

BREAXING STRENMTM OF CQDM " FSAINLS~ QTF,.LL CABLES BEVORE
AN") AFT'ER EN'DURIANM TEST110 AT' -03'P TO M.L-C-5424A-1

T PO~OSSE~~ IIREAKMN STREAM& AFTER~ ENDURANCE TESTING
SANFLE ENDURANCE yESTING Mg0 LOS HAML3 1Y MWCAMM

I ro ci Tc PASSED FAILED
it PUNDI pikv PONDS PERCENT

1 2150 1800 83.7 1735 80.7 x
2 2140 1890 88.3 1805 84.3 x
3 2160 1870 R,6 51910 88.4x
4 2140 1760 82.2 1875 87.6 x

Total 8590 7320 1 732-5

Average 2148 1536 85.2 j 1831 85.3- -

a. Top Palley

A .~4.

b. Bottom Pulley

FMgure 48. Code F Stainless Steel Cable Endurance-Tested at -65F to MIL'r-C-5424A-1
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TA13'LE XLIV

BREAKING STRENGTli OF CODE F STAINLESS STEEL CAB3LES BEFOR~E
AND AFTER ENDURANCE TESTING ATC +70'F TO 2VL-C-5424A-1

POUNDS BEFORE BREAKING STRENGTH AFTER ENDUJRANCE TESTING f
SAMPLE ENDURANCE TESTING (950 LBS REQUIREI0 BY SPECIFICAYIOI4N

NO. (I16O LBS REQUIREDTO UL iTP LY jPASDFI
BY SPECIFICATION) POUNDS PEREWANIT OUD REWRIKC

5 2150 1850 86.0 1870 87.0 x
6 2140 1905 89.0 1765 82.3
7 2160 1825 84,5 1825 84.5
8 2140 1810 84.6 1890 88.3 x

Total 8590 7390 7350

Average 2148 1848 j 86.0 1838 85.6

a. Top Pulley

b. Bottom Pulley

Figure 49. Code F Stainless Steel Cable Endurance-Tested at +700 F to MIL-C-5424A-1



APPENDIX Vfl

DETAILED TEST DATA FOR CODE G

(Tables XLV through L and Figures 50 through 534)

Since galvanized samples failed the low temperature
tests, no figures are included for these samples.

In the figures for the -650F tests, the caloles are ar-
ranged in the following descending order for Parts a
and b of each figure:

Sample 1

Sample 2

Sample 3

Sample 4

In the figures for the +70*F tests, the cables are ar-
ranged in the following descending order for Parts a
ad b of each figure:

Sample 5

Sample 6

Sample 7

Sample 8
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SEG-TR-67-19

TABLE XLV

BREAING STRENGTH OF CODE G GALVANIZED STEEL CABLES BEFORE
AND AFTER ENDURANCE TESTING AT -65F TO MIL-W-1511A-4

POUNDS BEFORE BREAKING STRENGTH AFTER 1NDUiANCE TESTINO
SANPLE ENDURANCE TESTING (1000 LS REQUIRED BY SPECIFICATION)

NO. (2000 LS REQUIRED TOP PULLEY BOTTOM PULLEY PASSED FAILED

BY SPECIFICATION) POUNIS PERCENT 1UU P'ERCENT
IRENAININC UREMAINING

1 2110 Cables completely separated at x
2 2160 26.000 raversals. Tests for these x
3 2120 cables were terminated. x
4 2160 x

Total 8 50

Average 2137

63



SEG-TR-67 -19

TABLE XLVil

BREA.KING STRENGTH OF CODE G GALVANIZED STEEL CABL13S BEFORE
AND AFTER ENDURANCE TESTING AT +70OF TO MIL-W-1511A-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTING (1000 LIS REQUIRED BT SPECIFICATION)

N.o. (2000 LIS REQUIRED TOP PULLEY SOTTOMN PULL ET ASDFIE
BY SPECIFICATION) POUNDS PERCENT POUNDS PRENTN

____ ____ _ __ ___ REMAIN ING ______- -N-

52110 1380 65.4 1765 83.6 x
6 2160 1800 83.3 1720 79.6 x
7 2120 1880 88.7 1740 82.1 x
8 2160 1600 74.1 1765 81.7 x

Total 8550 6660 6990

Average 2138 1665 77.9 1748 81.8

a. Top Pulley

b. Bottom Pulley

Figure 50. Code G Galvanized Cable Endurance-Tested at +700 F to MIL-W-1512A-4
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SEG-TrR-67 -19

TABLE XLVII

BREAKING STRENGTH OF CODE G STAINLESS STEEL CABLES BEFORE
AND AFTER ENDURANCE TESTING AT -65OF TO MJUL-W-1511A-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTING (950 LBS REQUIRED BY SPECIFICATION )

NO. (1760 LBS REQUIRED TOP PULLEY BOTTOM PULLEY PASSED FAILED

BY SPECIFICATION) POUNDS PERCENT PONS PERCENT
REMAINING PONS REMAINING - -

1 2050 1050 51.2 1250 61.0 x
2 2020 850 42.1 1225 60.6 'C

3 2065 1250 60.5 1270 61.5 x
4 2020 1485 56.8 1135 56.2 x

Total 8155 4635 4880

Average 2039 1159 56.8 1220 59.8

a. Top Pulley

b. Bottom Pulley

Figture 51. Code G Stainless Steel Cable Endurance-Tested at -65oF to MIL-W-1511A-4
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SEG-TR-67-19

TABLE XLVIII

BREAKING STRENGTH OF CODE G STAINLESS STEEL CABLES BEFORE
AND AFTER ENDURANCE TESTING AT +70*F TO MIL-W-151IA-4

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SANPIE ENDURANCE TESTING _(95~0 LBS REQUIRED BY SPECIFICATION)PAEDFID

BY SPECPFICATION) POUNDS PRCENTII POUNDS PRENTN

5 2050 12562.21005.

6 2020 1206. 0554.2 x
7 2065 11556.9 1220 59.1 x
8 2020 12563.1 1215 60.1 x

Total 8155 4985 4600

a. Top Pulley

*110

b. Bottom Puley

* ~Figure 52. Code G Stainles~s Steel Cable Endurance-Tested at +702F to MIL-W-1511A-4
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SE-R-71
TABL.E XLIX

BREAKING STRENGTH OF CODE G STAINLESS STEEL CABLES BEFORE
AND AFTER ENDURANCE TESTING AT -65OF TO bIL-C-5424A-1

POUNDS BEFORE BREAKING STRENGTH AFTER ENDURANCE TESTING
SAMPLE ENDURANCE TESTING (950 LBS REQUIRED BY SPECIFICATION )

NO. (1760 LIS REQUIRED TOP PULLEY BOTTOM PULLEY PASSED FAILED
BY SPECIFICATION) PONS PERCENT PONS PERCENT

REM AIN INGREANIG

1 2050 1675 81.7 1780 86.8 x
2 2020 1835 90.8 1850 91.6 x

3 2665 1675 81.1 1800 87.2 20012 5415 62x

Total 8155 6910 7180

Average 2039 1728 84.7 1795 88.0- -

a. Top Pulley

b. Bottom Pulley

Figure 53. Code G Stainless Steel Cable Endurance-Tested at -65O Fto MIL-C-5424A-3
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SEG-TR-67-19

TABLE L

BREAKING STRENGTH OF CODE G STAINLESS STEEL CABLES3 BEFORE
AND AFTER ENDURANCE TESTING AT +70*F TO MIL-C-5,424A-1

POUNDS BEFORE BREAKING STRENGTH Af TER ENDURANCE TESTTNG
$AMPLE ENDURANCE TESTING (950 LBS REQUIRED BY SPECIFICATION)

NO (TC LS EQIRDTOP PULLEY BOTTOM PULL EY PASSED FAILED

BY SPECIFICATION) OJ PERCENT PONS PERCENT
REMAINING _____RENAINING

5 2050 1875 91.5 1840 89.6 x
6 2020 1825 90.3 1825 90.3 x
7 2065 1815 87.9 1775 86.0 x
8 2020 1800 89.1 1825 90.3 x

Total 8155 7315 7265

Average 2039 1829 89.7 1816 89.1

a. Top Pulley

b. Bottom Pulley

Ftgare 54. Code G Stainless Steel Ceble 1l>icurance 'lested at +700 F .oMIL-C-5424A-1.
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tmperatureff, the primary purpoie of the tests was to obtain Infornmtin on cable fatiguo
We at low temperature. The tests were couord on 1/8-inch diameter 7x,19 galvanized

carbon steel, tin-coated c ar b on steel. and stainless steel cables at both low temper-
.ttu'o (-6IF and room temperatu~re (+70*F). 71w tests were oonducted In the Climatic !abo-
'atory at Eglin AFB, FMorida. Results indleate that the stainless steel cables are far superior

the pilvanze4d or tin-coated cables for low temperature operation. Therefor3, the stainless
teel cables should be considered for replacement of the carbon steel control cables on
IUltary aircraft, and the appropriate specifications should be ixpdaed accordingly.

(This abstract is subject to special export controls and each trasmittal to lbrelgn governments
r foreign natbo~ials may in made only with prior approval of the Directorate of Airframe

soystems Engineering (SEFL), Systems Engineering Group, lWrigt-Patterson Air Force
Bae, Chi0o.)
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